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METHODS OF CODE PROGRAMMING A MASK ROM DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to non-volatile memory devices and, more 
particularly, to methods of code programming read-only memory (ROM) semiconductor 
devices. 

2. Description of Related Art 

A non-volatile, semiconductor memory device is designed to securely hold data 
even when power is lost or removed from the memory device. The read-only memory 
(ROM) is a non-volatile memory device widely used in microprocessor-based digital 
electronic equipment for storing predetermined programs. 

Arrays of memory cells are conventionally disposed in ROM devices for storing 
data, wherein each memory cell includes a ti-ansistor. These transistors, which typically 
comprise metal-oxide-semiconductor field effect transistors (MOSFETs), are disposed 
near intersecting bit lines and word lines of the memory device. Data bit values or codes 
held by these memory cell transistors are permanently stored in the physical or electrical 
properties of the individual memory cells. 

A method of programming ROM devices, such as semiconductor devices, which 
has been explored by the Applicant uses an etch-back spin on glass (SOG) process to 
expose portions of a photoresist layer located on a substrate, such as a siUcon wafer. The 
etch-back process may be used in forming a pre-code pattern of memory cells on the 
substrate, which may be used in an attempt to provide larger windows for photo 
processing. The pre-code pattern can generally be non-selective, and can include all of 
the potential code positions on the device. 

In comparison, a real-code pattern can be fomied after the pre-code pattern, and 
the particular real-code pattern or patterns can be selected based on tiie desired 
perfomiance characteristics of the ROM device. To prevent exposure to non-real code 
pattern positions, such as the code positions that are not elements of the real-code pattern. 
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such a current ROM device processing method explored by the Applicant may utilize wet 
etched SOG processes. Such a method can be relatively complex and may not provide 
the desired amount of control in shaping of the processing windows. 

Thus, there is a need for improved methods of programming or patterning ROM 
devices which are simpler and which can provide improved control over spatial aspects 
of processing windows. 

SUMMARY OF THE INVENTION 

The present invention addresses these needs by providing, in accordance with one 
aspect, non-volatile memory coding structures and methods for makmg the same which 
can be fast, clean, controlled, and simple in construction. 

In one embodiment, a method of programming or patterning a ROM device 
comprises forming a layer of developable anti-reflective coating (DeARC) on a substrate. 
The substrate typically has a plurality of code positions, and a first code, or pre-code, 
pattern which comprises a plurality of code openings that expose substantially all of the 
code positions. The DeARC is formed such that substantially all of the code openings are 
filed with the DeARC. The DeARC may then be removed in predetermined regions to 
form a second code pattern, or real-code, pattern. 

In another embodiment, a method of programming or patterning a ROM device, 
which has bit Unes oriented in a first direction within a substrate, word lines formed 
above the bit lines in a second direction such that the bit lines and word lines define code 
positions, and a first implant resistant material located over the word lines, comprises 
forming two or more code openings over the code positions. The code openings are 
formed in the first implant resistant material to form a first code pattern which comprises 
substantially all of the code openings. A layer of DeARC is formed over the substrate to 
fill substantially all of the code openings. The layer of DeARC is shown as also being 
formed over the first implant resistant material. A second implant resistant layer is 
formed over the DeARC. In this embodiment, a portion of the second implant resistant 
material is processed to form a second code pattern which comprises a portion of the 
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code openings of the first code pattern. After formation of the second code pattern, the 
DeARC is removed from the code openings. 

Thus, by way of the present invention, methods are disclosed for manufacturing 
ROM devices, such as Mask ROM devices, with reduced complexity and without using 

an etch-back process. 

While the apparatus and method has or will be described for the sake of 
grammatical fluidity with fimctional explanations, it is to be expressly understood that the 
claims, unless expressly formulated under 35 USC 112, are not to be construed as 
necessarily limited in any way by the construction of "means" or "steps" limitations, but 
are to be accorded the full scope of the meaning and equivalents of the definition 
provided by the claims under the judicial doctrine of equivalents, and in the case where 
the claims are expressly formulated under 35 USC 112 are to be accorded full statutory 

equivalents under 35 USC 112. 

Any feature or combination of features described herein are included within the 
scope of the present invention provided that the features included in any such 
combination are not mutually inconsistent as will be apparent from the context, this 
specification, and the knowledge of one skilled in the art. For purposes of summarizing 
the present invention, certain aspects, advantages and novel features of the present 
invention are described herein. Of course, it is to be understood that not necessarily all 
such aspects, advantages or features will be embodied in any particular embodiment of 
the present invention. Additional advantages and aspects of the present invention are 
apparent in the following detailed description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 A is a top plan view of a read-only memory device having a pre-code 

pattern formed on a substrate; 

FIG. IB is a cross-sectional view of the device of FIG. 1 A taken along line IB; 

FIG. 2A is a top plan view of the device of FIG. 1 A including a layer of 
developable anti-reflective coating located over the pre-code pattern; 

FIG. 2B is a cross-sectional view of the device of FIG. 2A taken along line 2B; 
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FIG. 3A is a top plan view of the device of FIG. 2A including a layer of 
photoresist over the developable anti-reflective coating; 

FIG. 3B is a cross-sectional view of the device of FIG. 3 A taken along line 3B; 
FIG. 4A is a top plan view of the device of FIG. 3A including a real code pattern 

formed on the device; and 

FIG. 4B is a cross-sectional view of the device of FIG. 4A taken along line 4B. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

Reference will now be made in detail to the presently preferred embodiments of 
the invention, examples of which are illustrated in the accompanying drawings. 
Wherever possible, the same or similar reference numbers are used in the drawings and 
the description to refer to the same or like parts. It should be noted that the drawings are 
in greatly simpUfied form and are not to precise scale. In reference to the disclosure 
herein, for purposes of convenience and clarity only, directional terms, such as, top, 
bottom, left, right, up, down, above, below, beneath, rear, and front, are used with respect 
to the accompanying drawings. Such directional terms should not be construed to limit 
the scope of the invention in any manner. 

Although the disclosure herein refers to certain illustrated embodiments, it is to be 
understood that these embodiments are presented by way of example and not by way of 
limitation. The intent of the following detailed description, although discussing 
exemplary embodiments, is to cover all modifications, alternatives, and equivalents as 
may fall within the spirit and scope of the invention as defined by the appended claims. 
For example, it is understood by a person of ordinary skill in the art that the pre-code and 
real-code patterns formed by the methods of the present invention may be formed in 
NMOS, PMOS, CMOS and bipolar devices, to provide effective ion implantation in high 

density memory cells. 

It is to be understood and appreciated that the process steps and structures 
described herein do not cover a complete process flow for the manufacture of memory 
devices. The present invention may be practiced in conjunction with various mtegrated 
circuit fabrication and coding techniques that are conventionally used in the art, and only 
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SO much of the commonly practiced process steps are included herein as are necessary to 
provide an understanding of the present invention. 

Referring to the figures, and particularly FIG. 1 A and FIG. IB, a ROM device 10, 
such as a mask ROM device, is shown. The ROM device 10 includes an array of mask 
ROM cells disposed on a semiconductor substrate 12, which may comprise for example 
silicon or polysilicon, having a plurality of orthogonally arranged bit lines 18 and word 
lines 20. The bit lines 18 are formed before the word lines 20 in the illustrated 
embodiment. In this embodiment, the substrate 1 2 can comprise a background impurity 
type, and the bit lines 1 8 can be parallel formed therein by implantation of an impurity 
type opposite the background impurity type. For instance, the substrate can have a P-type 
background impurity type and the bit lines can be formed using N-type dopant, such as 
Arsenic or Phosphorous, ion implantation. 

After formation of the bit Unes 18, a gate oxide layer (not shown) is preferably 
formed on the substrate 12 to a thickness of about 50 to about 300 Angstroms. The gate 
oxide can be grown using a thermal oxide process, which is preferentially performed in a 
chemical vapor deposition (CVD) furnace. 

A conductive layer is then typically deposited by CVD, wherein the conductive 
layer has a grain size sufficient to exhibit desirable electrical properties. A photoresist 
material is spun over the conductive layer and patterned by exposure to ultraviolet (UV) 
radiation. The pattern projected onto the phptoresist is that of a plurality of parallel 
strips. An etch process is used to transfer the pattem into the conductive layer by etching 
back exposed portions of the polysilicon. The photoresist is subsequently removed to 
reveal a plurality of memory cell word lines 20. which in the illustrated embodiment are 
parallel to one another and orthogonal to the bit lines 18. These word lines 20, which 
preferably comprise a conductive material such as polysiUcon, can be formed using low 
pressure chemical vapor deposition (LPCVD). As presently embodied, the bit lines 18 
and the word Unes 20 have widths of about 0.15 microns, and tiie word lines 20 are 
spaced apart by about 0.15 microns. 

The bit lines 18 and word lines 20 in combination form MOSFET memory cells, 
which are defined at each grouping of a word line 20 and two bit lines 18. The bit lines 
18 on the sides of each MOSFET memory cell serve as source/drain regions, and the part 
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Of the word line 20 disposed between the source and drain regions serves as the gate of 

the MOSFET memory cell. 

The MOSFET memory cells, which can be accessed via the corresponding bit 
lines 18 and word lines 20 to which they are comiected, hold the data (or code) of the 
mask ROM. When a MOSFET memory cell is accessed, a voltage applied at its gate by 
the word line 20 will either be higher or lower than a threshold voltage required for the 
gate to facilitate conduction between the source/drain bit lines 18. If the appUed gate 
voltage is at or higher than the threshold voltage, the MOSFET memory cell is turned on 
pemiitting a logic "1" value to be read; otherwise the MOSFET memory cell is not turned 
on and a logic "0" value is read from the MOSFET memory cell. 

When the chamiel of a given MOSFET memory cell is ion implanted, its voltage 
threshold can be increased so that it will have a logic "0" value. Hie chamiel of a given 
MOSFET memory cell to be implanted is located in the substrate under the word line 20 
and between the adjacent bit lines 18. As distinguished from ion-implanted cells, non- 
implanted MOSFET memory cells will have a logic "1" value and continue to conduct 
when potentials are applied to their gates via the word lines 20. THemaskROM can thus 

be programmed using ion implantation to change the logic values of selected MOSFET 
memory cells from logic "1" values to logic "0" values. 

Properly masking the chamiel regions of MOSFET memory cells which are not to 
be implanted is a critical step in the code programming process. According to one aspect 
of the present invention, an implant resistant layer 14 is formed over the substrate 12 to 
shield certain MOSFET memory cells from implanting. The implant resistant layer 14 
may comprise, for example, organic polymers or dielectric materials. In certain 
implementations, implant resistant layers may comprise organic polymers such as 
photoresist and/or inorganic fihns, such as plasma enhanced tetraethylortho silicate 
(PETCOS) fomied using, e.g., CVD, or low pressure tetraethyl orthosilicate (LPTEOS) 
formed using, e.g., heat. Regarding photoresist materials, they can be employed for 
photolithographic purposes as either positive photoresist, negative photoresist, or 
combinations thereof. Positive photoresist, also kaown as light-softening photoresist, can 
be depolymerized by exposure to radiation such as UV light. Therefore, with positive 
photoresist, areas exposed to radiation are dissolved upon placement in a developer. 
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While the masked, unexposed areas remain unaffected. On the other hand, negative 
photoresist, which is a light-hardening photoresist, can be polymerized by exposure to 
radiation, meaning that the exposed areas remain, while the covered areas are dissolved. 
Thus, depending on the type of photoresist utilized, the pattern transferred to the 
photoresist on the wafer is either a positive or a negative image of the photomask pattern, 
m one embodiment, implant resistant layer 14 comprises a photoresist material which is 
hardened for example to prevent intermixing with a subsequently-appUed developable 
anti-reflective coating (DeARC), as described herein. In another embodiment, implant 
resistant layer 14 comprises a dielectric material, such as a silicon dioxide (SiOz), silicon 
nitride (SiN), or silicon oxy-nitride (SiON). In accordance with an aspect of the present 
invention, negative photoresist may be used instead of positive photoresist in the context 
of sub-0.25 micron device dimensions. Negative photoresist may better maintain its 
profile through successive processing steps. 

The implant resistant layer 14 can be fomed on the substrate 12 using 
conventional methods, as disclosed herein. The implant resistant layer 14 is then 
pattemed using for example known photolithographic and/or etching techniques to form a 
pluraUty of code openings 16 located in the implant resistant layer 14 and over the 
substrate 12, as shown in FIG. 1 A and FIG. IB. The code openings 16 are typically 
formed over word Unes 20 between pairs of bit lines 18. The implant resistant layer 14 
may be referred to as a first implant resistant layer. The first implant resistant layer is 
thus pattemed to form a first code pattern 15 which comprises the pluraUty of code 
openings 16. In the illustrated embodiment, the first code pattern 15, or the pre-code 
pattern 1 5, includes substantially all of the code positions available on the substrate. In a 
preferred embodiment, every code position available on the substrate corresponds to a 
code opening 16. In the illustrated embodiment, the first code pattern 1 5 may be fomied 
in a layer of hardened photoresist material or in a layer of silicon dioxide. For example, 
negative photoresist may be hardened before, during, and/or after fomiation of the code 
openings 16. Photoresist may be hardened, typically after patterning, for example, by 
treating the photoresist with at least one of a treatinent implant and a treattnent plasma 
from a plasma etcher. 
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As Shown in FIG. 2A and FIG. 2B, a developable anti-reHective coating 
(DeARC) 22 is formed over the substrate 12 and the implant resistant layer 14. The 
DeARC 22 may also be a developable bottom anti-reflective coating (DeARC), as used 
herein Tte DeARC 22 may be formed over the substrate 12 using any conventional 
process. In the illustrated embodiment, the DeARC layer 22 is formed using a well- 
known spin-on coating method. Tie DeARC is highly absotbing. and preferably absorbs 
most of the radiation penetrating a snbsequently-appUed photoresist, thereby reducmg 
any reflective notching, standing wave effects and/or scattering of the radiauon. 

to the presently preferred embodiment, the DeARC can comprise compositions 
suitable for positive or negative resist processes available from Brewer Science, he. 
(RoUa MO, U.S.A.) or Clariant Corporation. Other materials may be u^ as a DeARC 
so loni as for example the materials do no. intennix with the implant resistant layer 14 
and can be removed by photo developer. The DeARC is typically fomed to have a 
thickness ftom about 200 A to about 2000 A depending on process needs, and more 
preferably havingathickness from aboutSSOAto about 700 A, andman illustrated 
embodimenthavingatiucknessofaboutaOOA. THe DeARC 22 is preferably fomied 
over the substrate 12 and over the patterned implant resistant layer 14 to fill substantially 
all of the code openings 16, and preferably all of the code openings 16. 

in the illustrated embodiment shown in FIG. 3 A and FIG. 3B, a second implant 
^stant material 24 is then formed over the DeARC 22. The second implant resistant 
material 24 may be a photoresist m«erial. In another embodiment, the second implant 
resistant layer 24may comprise the samematerial as the firstimplantresistantlayer 14. 

in yet another embodim«.t, the first implant resistant layer 14 can be a negative 

photoresist tiiat will not intennix with a subse,„enfly-appUed second implant resistant 

tayer 24, or, in another embodiment, vice versa. The second hnplan. resistant material 24 

may be formed over die substtate 12 using any conventional method, such as spm-on 

coating,asunderstoodbypersonsskilledinaieart. 

The second hnplant resistant lay« 24 can then be patterned to formasecond code 

pattem 26, which is different from the first code pattern 15, as de^ribed herein and as 
shown in FIG.3andFIG.4.Whenthe second implantresistant material 24 compnsesa 

photoresist, the second implant resistan.ma.erial24canb.pat.emedusmg well-known 
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photolithography masking and exposure techniques followed by removal of relatively 
depolymerized portions of the second implant resistant material 24 by for example 
rinsing in a developer, to thereby shape the second implant resistant material 24 mto the 

second code pattern 26. 

After the second implant resistant layer 24 has been patterned to the desired 
configuration corresponding to the s^nd code pattern 26, the DeARC 22 could be 
removed fiom exposed regions (e.g., the regions of the second code pattern 26) to expose 
the underlying substrate, such as substrate 12, as shown in FIG. 4A and FIO. 4B. 
Ponions of the DeARC 22. which are not shielded by the patterned second nnplant 
resist^rt n,a.edal 24. are then removed from areas of the substrate 12 to thereby transfa 
the second code pattern 26 ftom the patt^ned second implant resistant matenal 24 (FIG. 
3) to the DeARC 22 (FIG. 4). In the illustrated embodiment, the second code pattern 
(FIG 4) corresponds to a realK>ode pattern. TypicaUy, the removal of the DeARC 22 >s 
accomplished by the use of a photo developer. Tire degree or rate of removal of the 
DeARC 22 may be controlled by abaking temperature otthe device dunngthe 

processing thereof, and/or by controlling an amount of light exposure to the DeARC. 
The exposed DeARC 22 cm be removed with the same developer th« is used to remove 

Ae photoresist 24, all in one step, or different developers can be used. 

Tie second code pattern 26 (FIG. 3 and FIG. 4) typically has an area that >s less 
me area ofthe first code pattern 15. In other words, the second code pattern 26 
typically includes lessthanaUofthecodeopeni„gsl60ffte firs, codepanem 15. Tl>e 
second code pattern 26 can includenon-overlappingareaswhichcomprise one or more 

code openings ,6 ofthe first code pattern 15. Thns, the second code pattern 26 
comprisesaportionofthecodeopemngsofthefirstcodepattemlS. 

to the cross-sectional view of FIG. 4B. an opening ofthe second code pattern 26 
encompasses two ofthe first code openings 16A and 16B. In the illustrated 
openings ofthe second code pat.™ 26 formed by the DeARC 22 can be sh^Uy wrder, 
as Shown, thancorrespondingopenings ofthe s^ondcodepattem 26 formedbythe 

second implant resistant layer 24. 
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As depicted in FIG. 4B, the methods disclosed herein can be effective to provide a 
relatively wider photo process window compared to methods which do not utilize a 
DeARC. 

While the first code pattern 15 exposes all of the areas that are possible to code, 
the second code pattern 26 exposes only those layers that are to be coded withavalueof 

"0" for the particular device being created. Following formation of the real-code 
openings, codingbyion implantation may be performed to implant exposed portronsof 

the substrate corresponding to chamiels to be coded. M an alternative embodiment, 
portions of the second code pattern 26 remain over lengths of bit Unes 18, and m one 
preferred embodiment over entire lengths of bit lines 1 8, to thereby not expose those bit 
Imes 18 and help protect them from being contaminated with implant species dunng the 
coding step. For example, with reference to FIG. 4A, the second code pattern 26 can be 

fonned to comprise a first window exposing only first code openings 16A and 16C and a 
second window exposing only the first code opening 1 6B, wherein all or a part of bit Ime 
18' is not exposed. In such an exemplary embodiment, the part of bit line 18'. which 
would otherwise be exposed by a single code opening encompassing 16A, 16B, 16C such 
as shown, would be protected and/or not entirely exposed by the first and second 
windows. THUS, in this embodiment, the second code pattern comprises windows 
extending between bit lines and exposing portions of word lines conesponding to 
chamiels to be coded, wherebyportionsofbitlines(e.g.,18')disposedbetween adjacent 

codepositions(e.g., 16B, 16C)ofa word line (e.g., 20') are not exposed by the windows. 
In this way, the second implant resistant layer 24 extends over and protectsabit line 18 

region which is located between two adjacent code positions 16B. 16C of a word Ime 
20' from being contaminated with implant species during a subsequent coding step. 

After coding, remaining portions of the first implant resistant layer 14, the 
DeARC 22 and the second implant resistant layer 24 can be removed. In embodiments 
wherein the first implant resistant layerUand the second implant resistant layer 24 are 
bothphotoresist,thefirstimplantresistantlayerl4,theDeARC22.andthesecond 
implant resistant layer 24 canberemovedby for example first perfomiingadry strip and 
thenawet strip. In embodiments wherein at least oneofthe first implant resistant layer 
Uand the second implant resistant layer 24 is photoresist, it may be desirableto remove 
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«,ayer„sing,forexan,ple.oxyg=.plasmainassociationwifl.he..ed«.lfunoae,<l. 
When one or moreof*e firs, implant resistant layerMand tt,e second impta.res,san. 
layer 24 comprises an inorganic fihn, it may not be necessary to remove the morgame 

fita since the inorganic fflm can fonn part of a dielectric fihn stack after a dielecmc fihn 
is deposited on the ROM device. 

to view of the disclosure herdn, amethod of code progranmimg a ROM device 
c„mprisesprovidingas„bs.ra.el2,s«chasasemiconduCors«bstrate,wh.chhasa 

plurality of code positions and a firs, code pattern 15 which comprises a phualtty of code 
.^gs 16 Utat expose substtntially all of the code positions, and fbrmmg a DeARC 

over ttie substtate 12 to fill the plurahty of code openings 16. 

to.«,.herembodiment,amethod of code programmingaROM device wtachhas 

bithneslSorienledinafirs. direction wi.hinasubs«.e 12, word lines 20 fonnedabove 

the bit HneslStoasecond direction such fl^ttebi. lines 18a„d word lines 20 define 

c«lepositions.andafi.s.layerofimplan,resistantma«riall4disposedoverthe 

substraten. comprises formingapluraUty of oxieopeningslSover tire codeposmons 

i„fcefirs.layerofimpla«.resistan.m.t.riall4.ofonn.flrs.codepatteml5«h,ch 

comprises subs«ially all of fte code openings 16. The melhod also includes formmg a 
DeARC layer 22 over flte substtate 12 to fill subsuntially all of the code opemngs 16. 
After the DeARC layer 22 is formed, a second implant resistant layer 24 is formed over 
the DeARC layer 22. A portion of the second implant resistant layer 24 is then proc«sed 
to formasecondcod.panem26 which comprisesaportfonofme code openmgsofthe 

tostcodepanemlJ. Subsequently or simultaneously, the DeARC layer 22 is removed 

from the code openings of the second code pattern 26. 

Thus by way of the present invention, a method of pattemmg or pn,grammmg a 

ROM device' is provided that does not use an etch-back process, such as an etch^ack 
SCO process that may be used in forming the first code, or pre«>de, pattern. 
Accolgly, a first code, or pr^code, pa«em can thereby be effectively ..rmed. wh.ch 
provides a relatively wider pho.o process window for tite seco»i code, or real-code, 
pattern. Themeti,odsdisclosedhe.inca„beeasier»implemen.ti«nc».re„fly 

available methods. 
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The code openings 16 may be consttucted as being diseontinuom rclahv. to 
.dj»=entn.emoryceUposi«o„s. In oU,er words, each opening 16 may correspond. o a 
.in^ememory cell, and mayincludeahorderwhichprevems exposure of moreftanone 

memotycenchannelinastag.eopemng. 1, certain embodiments, second code 
panem 26 may comprise or «,compass eh^ters of openings .6, in each ciuster rs spaced 
apart from .he other cluster. For example, second code pattem 26 is Blustrated as 
comprising a cluster ofthree openings 16. ^.t 

h,view of d,e foregoing, i. will be undersU>od by dtos. skilled «d..ar.d«.*e 
mea«* ofmepresen.inven.ion can faciliiatetormarionandcodeprogrammingo read 

only memory devices in an integrated circuit. Tl,e above-described embodimonts have 
bee„providedbywayofexample,andU.epresen.invenUonisno.limited.othese 
ex^ples. Multiple varia«onsandmodificadon.o.he disclosed embodtmeniswrllo^ur, 
.o*eex«n.no.mu.^ly exclusive, «,«»sesMnedind>ear. upon c„nsidera.,onofd.e 
foregoingdescription.Addi«on.lly,otecombina«ons, omissions, subs.in...ns and 
modificaUons will be apparen..od,e skilled artisaninviewofmedisclosureh^em. 
According,y..hepresen. invention isno.inte„dodtobelimi.edbyU,ed.selosed 

embodiments, but is to be defined by reference to the appended chums. 



-12- 



